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1

METHOD FOR FORMING EXTRUDED
FILAMENT MAT MATERIAL

BACKGROUND OF THE INVENTION

This 1nvention relates to a method and apparatus for
making a matted continuum of continuously extruded fila-
ments. More particularly, the invention relates to a method
and apparatus for controlling the piled accumulation of
filament to produce a matted continuum.

Open pore mats have been produced by a process which
inciudes the extrusion of a multiplicity of molten thermo-
plastic polymer filaments over a short free-fall distance
against a rotating cylinder at shallow contact angles. These
filaments loop, pile and randomly lay into an accumulated
continuum of a relatively uniform thickness that is bonded
at the contact points of lap crossing to form a continuously

developing mat on the rotating surface which is immediately
quenched in a water bath.

Polymeric materials suitable for fabricating such piled
mats include polyvinyl chloride, polypropylene, polyethyl-
ene, thermoplastic elastomers and other recyclable thermo-
plastic resins which are extrudable at elevated temperatures
in the form of soft, flexible, continuous filaments and which
at lower temperatures have the required stiffness, toughness

and other physical and chemical characteristics to permit
cohesion of the filaments.

Matting materials of this description have utility in such
widely diverse applications as outdoor carpeting, underlay-
ment for indoor and outdoor carpeting, soil retention matting
and electrical cable splicing molds.

Other known processes for open pore mats of this type
extrude the filaments onto a moving support and compress
the filament bed in a nip.

The quench bath method is undesirable in several
respects, particularly the fact that it requires an additional
drying step. The compression method has an undesirable

flattening effect on the filaments adjacent the surfaces of the
filament bed.

It 1s, therefore, an object of the present invention to
provide a process and apparatus for fabricating continuous
filament polymer matting.

It 18 another object of the present invention to provide a
process and apparatus for fabricating continuous filament

polymer matting that requires no post-fabrication drying
procedures.

Another object of the present invention is to provide a
process and apparatus of the character described which
enables 1mproved control over the loft or bulkiness of a
continuous filament polymer mat.

A still further object of the present invention is to provide
a process and apparatus of the character described for
regulating the density, thickness and surface characteristics
of a continuous filament polymer mat.

SUMMARY OF THE INVENTION

Having regard to the above and other objects and advan-
tages, the present invention is directed to a process for
making a porous resilient mat of interbonded polymeric
filaments. In general, the process comprises extruding along
an extrusion line at an extrusion velocity a multiplicity of
continuous polymer filaments near the rotational top of a
casting cylinder which is rotatably driven at a rate coordi-
nated to the filament extrusion velocity about an axis gen-
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erally parallel to the extrusion line to cause looping of
filaments on the cylinder to develop the desired mat thick-
ness. The accumuiated mat is carried by the cylinder surface
to about lower dead center where it is peeled from the drum
surface and gently transferred onto an endless belt at a
cylinder-to-belt transfer line for extended support while
cooling and curing. A high volume air jet is discharged
between the mat and the belt generally in the direction of
movement of the belt adjacent the cylinder-to-belt-transfer
line to provide an air-lift effect for transitional support and
product lofting. To reduce the length of the support belt
conveyor, additional cooling air flow may be provided along
the belt traveling course. Due to the openness of the mat
structure 1t 1S necessary to protect the filament free-fall from
strong drafts originating from the high volume jet. Such
draft protection preferably takes the form of baffle plates
supported adjacent the extrusion head and extending down
to close proximity with the cylinder and mat surface, respec-
tively. The baifle plates minimize undesirable air flow into
the area of the filaments falling onto the cylinder so that
accumulation of the filaments on the cylinder is not disaf-
fected by the air lift imported by the air jet.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the
invention will become further known from the following
detatled description of preferred embodiments of the inven-
flon in conjunction with the accompanying drawings in
which:

FIG. 11s a diagrammatic view in elevation of an apparatus
for making a continuous filament polymer mat illustrating

features of a preferred embodiment of the process and
apparatus of the invention.

FIG. 2 is a partial plan view of an extruder orifice plate for
use 1n the invention illustrating the extrusion aperture dis-
tribution pattern.

FIG. 3 is an enlarged sectional view of the orifice plate of
FiG. 2. |

FIG. 4 is an elevational view of a filament free-fall
distance adjusting mechanism for use in the invention.

FIG. 5 is a plan view of a mat formed by the present
invention.

FIG. 6 1s a fragmented cross-sectional view of the mat
material of FIG. 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings in which like reference
characters designate the same or similar parts throughout the
several views, an apparatus 10 for producing a continuous
filament polymer mat according to a preferred embodiment
of the invention is shown in FIG. 1. The apparatus 10
includes a raw material loading system such as hopper 11 to
supply pelletized or crumb polymer to a heating barrel 12
where 1t 1s melted to a viscous liquid above 325° F,
depending on the particular thermoplastic compound. A
powered screw mechanism within the barrel 12 forces the

melted plastic through an adapter into an elongate die block
14.

The lower face of the die block 14 includes an orifice plate
15 perforated by a multiplicity of closely spaced orifices 16,
best illustrated by FIG. 2, from which respective filaments
20 are extruded into an adjustable free-fall zone 23 prefer-
ably of about one to about four inches height. Orifices as
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small as 0,012 in. and as large as 0.026 in. have been
successfully used. As noted from FIG. 3, ornfice lead-in
fairing cones 18 are provided to reduce flow resistance of the
viscous melt into the orifice apertures. The total band width
W of the orifice pattern may be about 1 in, each orifice row
being separated by about one-quarter inch for a total of 4
rows. As seen in FIG. 2, the rows are preferably staggered
at %2 spacing between the orifices of adjacent rows.

A casting cylinder 24 having an independent rotational
drive means 26 such as a variable speed electric motor is
adjustably aligned beneath the extrusion plate 15 to receive
the free-falling filaments 20 at about 30 degrees either side
of a rotational top dead center. The cylinder is rotatably
driven on a suitable support (see, e.g. FiG. 4) for rotation in
the direction of arrow A about a rotational axis X which is
preferably parallel to and vertically beneath the length axis
Y of die block 14, both axes X and Y coming out of the page
as viewed in FIG. 1.

By means such as a manual jack-screw mechanism 42, as
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parameters are the rotational velocity of the casting cylinder
24, the filament free-fall distance 23 and the exact filament
landing location within the general arc of about 60 degrees
including 30 degrees before and after rotational top dead
center.

As the multiple filaments engage the cylinder 24 surface,
the strands coliapse to lap, loop and overlay in an entwined
pile compressed only by their weight. Downward advance-
ment of the piled continuum on the moving drum limits the
pile depth and density as well as weight compression effects.
When 1ssued from the die plate 15, the material body
temperature of each filament is about 300° F. to 375° F. At

this temperature each filament lap crossing fuses and bonds
to form a network of inter-bonded joints which, collectively,
integrate the piled continuum into a unitized mat. Lap bonds
formed between filaments cooled below 300° E. are fre-
quently weak and unreliable. Thus, free-fall height may be
adjusted to control cooling of the filaments and, hence,

~ shown by FIG. 4, for vertically adjusting the position of *° :::;rgnthe necessary degree of flament interbonding n the
_ _ : : g mat.
journal blocks 44 and associated adjustment mechanism 45 Rotation of : : :
in the direction indicated by arrow L, the vertical free-fall 28 olalton o the ?yhnder 24 carmies the matted continuum
distance of extruded filaments between the orifice plate 15 5 aogamst the Cyjmder surface over an arc of {rom apput
and the top dead centerline of casting cylinder 24 may be 150° to ab(_;mt210 . At or near the lower dead center position
adjusted. 25 of the cylinder 24, the mat peels from the rough textured
. : . : drum surface to land upon an upper horizontal run of a
Structurally, the casting cylinder 24 is preferably provided support web preferably provided by an endless belt 34
by a hollow steel shell of about four to about 5 inches coursed between an idle roll 37 and a drive roll 36. The drive
diameter. ‘;‘ rou%h textured S“éf"?cﬁ_m the E[B.S.tlllg cghndgrfu roll is rotatively driven as by chain 38 from a variable speed
COTTCSponding 10 a coarse InIsting gril 15 Prelerred 10T 4, hower source 39. It is noted especially that cylinder 24 in the
securing the hot mat-to-cylinder interface as it approaches 9 preferred embodiment is supported in spaced relation above
o’ clock or the 90° position. A suitable means for such texture the belt 34 so that the mat is not compressed between the
11;11_?3 l:{eezzﬂ 31 wraﬁ 46 }?fghhe Cylinder 241 SErface dalong 1ts cylinder and the belt. Most preferably, cylinder 14 is spaced
_ﬂciwtﬂ_m eﬂft ?’“_a] f'g;“ fgl;g’ clot X Saﬁl gaPTE ;’1‘ sufficiently above the belt 34 sufficient to provide a small
viny? SLTlread matcrid’ of about oul CUTOMICICL. & ShOWa De 35 555 (3 hetween the mat 28 and the belt adjacent the location
noted, however, that the invention has been successfully at which the mat pays off the cylinder; about 1 inch, for
practiced on 4 bare stee-l ml: surfacrzz, also. | | example. Into the gap G and widthwise along the mat 28
The cylinder 24 rotational speed 1s coordinated with the transfer region between the lower dead center of cylinder 24
filament 20 extrusion velocity to accumulate, develop and and the upper run surface of belt 34, a jet J of air is
issue a moving bed or continuum 28 of randomly looped 49 discharged generally parallel to the traveling direction of the
p1les: on the cylinder surface. _A static body or bed of this mat from an elongated nozzle 32 projected from air mani-
continuum may be charactenized as a mat. The FIG. 5 fold 30 and supplied by a variable speed/variable volume
illustration represents a plan view of such a mat. A cross- blower 31. Preferably, the air in jet J is about ambient
sectional cut of the mat 28 1s shown by FIG. 6. temperature, 1.e., about 70° to 80° E
Many }rariables contribute to the mat 28 properties and 45 The air jet J from nozzle 32 has a significant effect on the
characteristics. The polymer material selected for extrusion properties of a resulting mat. A strong air flow volume and
from a particular extrusion machine 10 will predominantly  vejocity tends to accelerate expansion and cooling of the mat
deterr_lun? the extrusion temperature and velocity. Polyvinyl structure for greater loft and thickness. Long filament free-
chioride 1s preferably extruded over a temper@:ure range of fall distances also tend to form thicker, lighter mats with
about 300° E to about 325° E. Thermoplastic elastomers, 50 long radius loops. Conversely, a small filament free-fall
however, are preferably extruded over a range of about 350° distance tends to formn a thinner, denser mat with short radius
F. to about 375° F. To a lesser degree, the extruder equipment loops. Little or no air flow in gap G tends to enable
10 and the size of .the orifice plate apertures 16 influence the generation of more dense mats with increased filament
filament 20 velocity. For example, smaller filaments would  fiattening adjacent the belt/mat interface as the filaments
be expected to cool more quickly and, thus, the distance 55 ¢oo] and harden more slowly on the advancing belt. The
between the extruder and cylinder 24 may generally be physical data of Table 1 illustrates the operative scope of
reduced as the filament diameter s reduced. such operational variations and their effect on mat thickness
Aside from the material selection, important mat control and corresponding void volume percentage.
TABLE I
Sample Number Length Width Thickness Volume (cu in) Volume Cu Cm) Displacement (Cu Cm) Void Volume (%)
Heavy Duty #1 6.000  1.570 0.422 3.975 65.143 15 77.0
Heavy Duty #2 6.036  1.510 0.420 3.828 62.730 18 71.3
Heavy Duty #3 6.046 1.575 0.423 4.028 66.007 17 74.2
Heavy Duty #4 6.017 1.560 0.419 3.933 64.450 18 72.1
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TABLE l-continued

Sample Number Length Width Thickness Yolume (cu 1n)
Standard Wt #1 6.045 1.540 {.297 2.765
Standard Wt #2 6.010 1.550 0.306 2.851
Standard Wt #3 6.015 1.540 0.305 2.825
Standard Wt #4 6.065 1.542 (.290 2.796

Due to the porous, open structure of the mat 28, air flow
from the nozzle 32 may penetrate the mat and follow the
cylinder 24 surface up to the filament 20 landing zone.
Similarly, spillover air from the nozzle 32 may attach to the
cylinder carried mat and rise to the filament 20 landing zone.
To prevent the adverse consequences of air drafts originating
from the nozzle 32 air supply, vertically adjustable air
screens or bafiles 21 and 22 may be secured to the die block
14 to screen the filament free-fall zone 23.

Length of the belt 34 between the drive and idle rolls is
preferably sufficient to provide a complete cure and cooling
of the filament joints upon reaching the belt end. However,
a supplemental source of cooling air as at 40 may be
provided for unusually dense mats or, due to floor space
limitations, a belt 34 of insufficient length. Such supplemen-
tal cooling air source may be a duct supplied manifold or an
array of high-capacity fans. By whatever cooling means the
completed mat must have cooled sufficiently by the end of
belt 34 run length to leap an unsupported gap into a powered
winding stand 48 for wrapping the mat continuum into a
shipping or handling roll 50, and to wrap without significant
interadherance of adjacent layers.

Having fully described my invention, we claim:

1. A process for the manufacture of a porous, resilient mat
comprising the steps of:

continuously extruding a plurality of closely spaced,
viscous, thermoplastic polymer filaments through a
short, vertical free-fall zone onto a rotating cylinder
having a substantially uniform cylindrical surface, said
filaments engaging said cylinder surface within about
30° of a top dead center rotational position of said
cylinder and at an extruded velocity that is coordinated
with the surface velocity of said rotating cylinder to
provide a continuously looping and lapping accumuia-
tion of said filaments to develop a mat upon said
cylinder of a predetermined mat thickness; and
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Volume Cu Cm) Displacement (Cu Cm) Void Volume (%)

43,308 15 66.9
46.712 15 67.9
46.297 13 71.9
45.823 16 65.1

maintaining contact of said continuously accumulated
mat with an arcuate segment of said rotating cylinder
surface to an approximate lower dead center position of
cylinder rotation whereat said mat is moving in sub-
stantially the same direction as a traveling, endless belt

support surface disposed below said rotating cylinder,
and;

directing jet of air against said mat between said rotating
cylinder and said support surface, said jet of air being
directed along a direction substantially parallel with
said traveling belt.

2. A process as described by claim 1 wherein said endless
belt support surface is spaced below said cylinder by a
distance greater than the thickness of said mat.

3. A process as described by claim 1 wherein the density
of said mat 1s inversely influenced by the magnitude of air
flow volume from said jet of air.

4. A process as described by claim 3 wherein the volume
of said jet of air is manually variable.

. A process as described by claim 1 wherein the polymer
filament free-fall zone is screened from air-draft disturbance.

6. A process as described by claim 1 wherein the distance
of said free-fall zone is variable.

7. A process as described by claim 1 wherein said free-fall
zone 1s about 1 inch to about 4 inches in vertical fall
distance.

8. A process as described by claim 1 wherein said mat is
additionally cooled on said endiess belt by supplemental air
flow against said mat.

9. A process as described by claim 1 wherein said rotating
cylinder surface has a roughened texture.

10. A process as described by claim 9 wherein the cylinder
surface texture corresponds to a coarse finishing grit.
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It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:
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